Introduction
Melanoma is the deadliest of all skin cancers [1] and its incidence has been steadily increasing over the last 30 years [2] .
In stages 0 to II of the disease, only the primary tumor is present and no other metastases to lymph nodes (LNs) or internal organs can be detected either clinically or by imaging [3] . When lesions are discovered at this stage, their surgical removal represents the standard of care and typically results in an excellent prognosis for most patients. However, the risk of relapse is not negligible [4] and this risk increases depending on the disease stage at diagnosis.
In more advanced stages (stage III and IV), the disease may have already progressed to the regional LN or distant organs, respectively [3] . These patients have considerably poorer prognoses with 5-year survival rates ranging from 40 to 78% [3] for stage III and from 9 to 21% [5] for stage IV disease.
In those patients in whom recurrence occurs after resection of a primary tumor, the most common route of first relapse (~50%) is progression to lymph nodes located beyond the draining LN basin [6] . The other recurrences are roughly equally distributed between direct spread to distant organs in various anatomical regions and intralymphatic diffusion to either cutaneous or subcutaneous locations between the primary tumor and the next proximal LN basin [6] . This last type of metastases, often indicated as locoregional disease, can be classified either as satellite metastases if they are located <2 cm from the site of primary tumor or as in-transit metastases if they are located ≥2 cm from the primary tumor [3, 7] .
Patients who exhibit a limited number of in-transit/ satellite metastases are still candidates for curative surgery. However, when relapses continue to occur even after repeated cycles of surgery, an alternative therapeutic strategy may be considered.
The propensity of melanoma to metastasize to readily accessible cutaneous or subcutaneous locations has prompted increased interest in researching the development of therapeutic approaches based around direct injection of active agents into the metastases, which have collectively been given the name of intralesional approaches.
Patients with limited and often asymptomatic locoregional disease are the ones most likely to benefit from intralesional therapies [8, 9] . In fact, direct injection of a therapeutic agent into the tumor, while maximizing its concentration at the site of disease, is associated with reduced systemic concentrations of the drug and a more favorable tolerability profile, when compared to systemic or regional perfusion-based therapies, which normally lead to considerable toxicity. Furthermore, the local effect exerted directly on treated tumor lesions can in some instances be associated with a systemic bystander effect (termed "abscopal effect"). This effect results in the shrinkage or disappearance of non-treated lesions, some of which may even be located at distant anatomical sites.
Many different agents have been investigated over the years for use in intralesional applications, including Bacille-Calmette-Guerin (BCG), Interferon-alpha (IFNa), Interferon beta (IFNb), Granulocyte macrophage-colonystimulating factor (GM-CSF) and others have been considered for use as topical agents, such as imiquimod and diphencyprone. There is sporadic evidence of extremely good responses [10] , however, neither efficacy nor safety could be consistently demonstrated for any of these products to enable them to receive marketing approval. A short overview of some of these agents and of results obtained during their clinical development is provided in the historical perspective below.
The most interesting results have probably been obtained with the intralesional administration of the cytokine interleukin-2 (IL2) and its targeted forms. This work, pioneered by the Garbe group in Tübingen, Germany exhibited promising responses in the majority of melanoma metastases after intratumoral injection of recombinant IL2 [9, [11] [12] [13] [14] . Since the cytokine had to be injected frequently and over a period of several weeks, the use of antibody-based pharmacodelivery strategies has been proposed. Here, the cytokine is recombinantly expressed as a fusion protein with an antibody fragment, specific to an antigen selectively expressed in the tumor extracellular matrix [15] . The targeted form of IL2 produced comparable results in terms of efficacy and allowed a reduction in administration frequency and treatment duration, with the effect being due to the longer residence time in the metastatic lesion as compared to the untargeted drug [16] .
Recently, new promising agents for the locoregional treatment of melanoma lesions have been developed. This review will focus on those agents which have either already obtained marketing approval or are currently being investigated in registration phase 3 trials. These include talimogene laherparepvec (T-Vec, Imlygic™), rose bengal (PV-10), and Daromun (L19IL2 + L19TNF). Many other agents are being developed for intratumoral application in several indications including melanoma but they have not been investigated in controlled phase 3 studies yet; these agents and their application have also been described in excellent recent review articles [17] [18] [19] .
T-Vec was approved in 2015 in the US and Europe for the treatment of unresectable stage IIIB, IIIC or IVM1a metastatic melanoma. Rose Bengal is currently being investigated in a phase 3 trial in a similar indication. Daromun is being studied in a phase 3 trial as a neodjuvant treatment prior to surgery in fully resectable stage IIIB and IIIC patients (see also Table 1 ).
Historical perspective
Bacille-Calmette-Guerin BCG was the first agent to be proposed for intralesional administration in solid tumors [10] . It consists of an attenuated strain of Mycobacterium bovis, which is able to induce an unspecific host immune response and cause a regression in both injected and uninjected melanoma metastases [20] . However, its use is associated with a plethora of serious and potentially lethal adverse events, which have hampered BCG's general applicability [20, 21] .
Notwithstanding earlier reports of clinically outstanding results [10, 22, 23] , development of BCG has not been continued after its failure to reach the primary outcome in a phase 3 Eastern Cooperative Oncology Group (ECOG) controlled, randomized trial [24] , aimed at investigating efficacy of BCG as an adjuvant treatment in resected melanoma patients of stages I to III, either in monotherapy vs observation or in combination with dacarbazine vs BCG alone. Analysis of results failed to demonstrate an improvement in Recurrence-Free Survival (RFS) and Overall Survival (OS) for BCG-treatment arms.
Topical agents
Topical therapies for the treatment of cutaneous metastases have shown some efficacy and an overall good tolerability profile [25, 26] .
-amine] is a synthetic small molecule which binds to and activates Toll-like receptor 7 (TLR7). This receptor is part of the innate immune response signaling pathway and is involved in pathogen recognition [27, 28] . The mechanism of action of imiquimod is complex and includes activation of natural killer cells, macrophages and B-lymphocytes [29] , secretion of cytokines like IFNa, interleukin-6 and tumor necrosis factor-α (TNF, [30] ) by activated cells and activation of Langerhans cells [29] .
Imiquimod is currently approved by the Food and Drug Administration (FDA) for the treatment of actinic keratosis and external genital warts. In 2004, the FDA also approved its use for the treatment of superficial basal cell carcinoma.
No controlled studies of the efficacy of Imiquimod in metastatic melanoma have been carried out, nor has a precise administration schedule been established. A retrospective survey of literature [31] identified 57 different studies carried out with Imiquimod, but only 11 of these (with a total of 17 patients) were relative to Imiquimod monotherapy. Mostly, Imiquimod was used as a 5% (w/v) cream and was applied in various regimens, from three times weekly to twice daily. Treatment duration was an average of 22 weeks, ranging from 8 to 72 weeks. In terms of efficacy, a regression of metastases was seen in 82.3% of treated lesions but no data on progression-free survival (PFS) and OS are available. Treatment was generally well tolerated with mild side effects of short duration.
In a small study of the combination of topical imiquimod/fluorouracil in five patients, a response was elicited [32] . Imiquimod has also been used in combination with BCG in metastatic melanoma [26] . The lack of carefully conducted, controlled studies has, however, so far limited the use of imiquimod for metastatic melanoma.
Diphencyprone (DPCP)
DPCP (2,3-Diphenylcycloprop-2-en-1-one) is a potent contact sensitizer that is used to treat alopecia areata and genital warts [33, 34] .
The largest published study [35] was conducted in 50 patients, who received sensitization to the upper inner arm during 48 h (two drops of 2% DPCP in acetone), followed 2 weeks later by application of an aqueous DPCP cream (0.00001-0.1%) to all cutaneous metastases over 24-48 h. Duration of the treatment averaged 15 months and ranged from 1 to 60 months.
Thirty patients developed blisters after the first treatments, and this was accompanied by generalized dermatitis in four cases. Other less frequent side effects included eczema, urticaria, hyperpigmentation or depigmentation of the skin [35] .
Complete responses (CR) were observed in 46% of the treated cases and partial responses (PR) in a further 38% of patients. Nine patients (18%) did not respond to DPCP treatment.
As the therapy is easy to administer and inexpensive, DPCP may represent an option in melanoma patients with cutaneous metastases who are not eligible for other treatments.
Novel agents: intralesional treatment of unresectable advanced metastatic melanoma patients

Talimogene laherparepvec (T-Vec, Imlygic™)
Talimogene laherparepvec (T-Vec) has been approved by the FDA in the US and by the European Medicine Agency (EMA) in Europe at the end of 2015, marketed under the name of Imlygic™. Talimogene laherparepvec is an oncolytic herpes simplex virus type 1, genetically modified to drive expression of GM-CSF in infected cells. Other genetic manipulations have been introduced in the viral genome to delete ICP34.5, a modification that provides tumor-selective replication, and ICP47, which otherwise blocks antigen presentation [36, 37] . The virus infects and selectively replicates in tumors, altering the host cell's metabolic processes and thereby destroying cancer cells. Furthermore, the released human cytokine GM-CSF initiates a systemic tumor-specific immune response mediated by CD8 + cytotoxic T cells [37] .
The clinical development of T-Vec was started in the early 2000's [38] . Safety was investigated in a phase 1 trial in patients affected by a variety of solid tumors, including melanoma, presenting with cutaneous or subcutaneous metastases. The tolerability profile associated with the intralesional injection of the oncolytic virus was relatively favorable and mostly characterized by low-grade adverse events, which included flu-like symptoms (fever, chills, myalgias) and injection site reactions [38] .
A follow-up phase 2 study was run in fifty inoperable stage III and IV patients [39] . Response criteria in solid tumors (RECIST)-based assessment carried out at three months showed an objective response rate (ORR) of 26% (16% CR; 10% PR), while the disease remained stable in 20% of patients [39] . OS at 1 and 2 years was 58 and 52%, respectively [39] . A systemic response in non-injected lesions was also documented. As for the phase 1 trial, the most commonly observed adverse events were flu-like symptoms, with fatigue, chills, nausea, and pyrexia [39] .
Based on the results from phase 2, a randomized, controlled phase 3 trial (OPTiM study) was later performed. A total of 436 patients were randomized in a 2:1 ratio to receive either intralesional injections of T-Vec (295 patients) or subcutaneous injections of GM-CSF (141 patients) [8] . The primary objective of the study was an evaluation of durable responses in the two arms of the study, defined as a PR or CR that was observed within 12 months from start of treatment and lasting ≥6 months. In the T-vec arm, durable responses were recorded in 16.3% of patients, as opposed to 2.1% in the GM-CSF arm (P < 0.001), with a more significant benefit for stage IIIB and IIIC patients than for those at more advanced stages of the disease. Efficacy results confirmed those observed in the phase 2 study, with an ORR of 26.4% recorded in the T-Vec group (vs. 5.7% in the control, GM-CSF group) [8] . In terms of OS, the median increase in the T-Vec arm vs the GM-CSF control arm was of about 4 months (23.3 vs 18.9, respectively) but did not reach statistical significance [8] .
The results also demonstrated a bystander effect in noninjected, visceral, and nonvisceral lesions, suggesting that a systemic immune response is associated with the intralesional administration of T-Vec. However, the response rate in non-injected lesions was comparably low.
A combination of intralesional treatment modalities and systemically-administered immunomodulatory agents has been proposed as a promising avenue for the treatment of metastatic melanoma [40, 41] . In particular, the combination of an oncolytic virus with checkpoint inhibitors, like the anti-Cytotoxic T lymphocyte antigen 4 (CTLA4) antibody Ipilimumab (Yervoy™) and the anti-Programmed cell death protein 1 (PD1) antibody Pembrolizumab (Keytruda™) has been tested in preclinical studies [42] in murine models of melanoma. The combination of T-Vec with each of these two agents has been recently moved to the clinical setting (NCT01740297 and NCT02263508, Table 1 ).
An open-label, multicenter, phase 1b trial in 19 previously untreated, unresectable stage IIIB to IV melanoma patients was started in 2013. Intralesional injection of T-Vec was performed at week 1 (10 6 pfu/mL), week 4, and every 2 weeks thereafter (10 8 pfu/mL). Starting from week 6, Ipilimumab at a dose of 3 mg/kg was administered i.v. every 3 weeks, for four cycles. The primary end point was incidence of dose-limiting toxicities (DLTs). Secondary end points were ORR by immune-related response criteria (irRC) and safety [43] .
The median duration of T-Vec treatment was of 13.3 weeks. No DLTs were recorded during the evaluation window. Treatment-related adverse events (AEs) of any grade were reported by 18 out of the 19 patients, grade 3/4 events occurred in 26.3% of patients. T-Vec and Ipilimumab were attributed 15.8% and 21.1% of the recorded AEs, respectively. One grade 4 elevation of liver enzymes and a grade 5, unrelated AE of neurological involvement due to metastatic disease were recorded. irRC assessment run on 18 patients revealed an ORR of 56%, with 33% CR (6 patients). A phase 2 controlled, randomized extension of the study is ongoing, aiming at enrolling 198 patients to receive T-Vec in combination with ipilimumab compared to ipilimumab alone in the control arm. The primary outcome analysis is expected in the second half of 2016.
The combination of T-Vec with the anti-PD1 antibody Pembrolizumab is also being explored. A phase 1b/3 trial (Masterkey-265) was launched in 2014 to investigate safety and efficacy of this combination in unresectable stage IIIB to IVM1c melanoma patients. The primary endpoint of the phase 1b study is to determine incidence of DLT, while the secondary outcome includes incidence of AEs and of treatment-emergent and treatment-related AEs. The safety and efficacy analysis for the phase 1b portion of the trial have been presented at the ASCO 2016 conference [44] .
Patients received intralesional injection of T-Vec at week 1 (10 6 pfu/mL), then every 2 weeks (10 8 pfu/mL). Administration of pembrolizumab at 200 mg i.v. was started on day 36 every 2 weeks until CR or PD (according to irRC) or for up to 2 years. Twenty-one patients were enrolled. Treatment-related AEs occurred in all patients, 33% of which were grade 3/4. No grade 5 AEs occurred. Most common AEs were fatigue (62%), pyrexia (52%), and chills (48%). Confirmed ORR was 48%, with a CR rate of 14%. Median time to response was 17 wks. The randomized, doubleblind phase 3 portion of the study is presently under way and an update about clinical and biomarker data is expected for next year.
Rose Bengal (PV-10)
Rose Bengal is a small molecule that belongs to the xanthene family and is a derivative of fluorescein. The compound has been in use for decades in the clinic as eye drops to stain damaged conjunctival and corneal cells and thereby more easily identify affected areas. Its potential applicability as an anti-tumor agent has, however, been recognized only much later, during a screening campaign for new photodynamic therapy agents with antineoplastic activity.
A 10% Rose Bengal solution (PV-10) is being developed for intralesional application in melanoma and metastatic breast and liver cancer. The proposed mechanism of action is based on a selective uptake of the compound through the cell membrane of cancer cells because of its higher fluidity as compared to that of normal cells. PV-10 accumulates in the lysosomes [45] , triggering lysosomal release and autolysis of the tumor cells, which is normally complete within 30-60 min. Acute exposure of antigenic tumor fragments to APCs is believed to produce the "bystander" effect observed in non-injected tumors.
Results of a phase 1 trial were published in 2008 [46] and showed that treatment was generally well tolerated and elicited minimal side effects, the most common being mildto-moderate pain at the injection site (≤80%). However, one case of severe systemic phototoxicity was recorded during the study [47] . Other reported AEs included vesicles, edema, skin discoloration, inflammation, headache, and pruritus around the treatment site [46] . ORR were recorded in more than 50% of patients (CR and PR, both 27%) in a dose-dependent fashion. A bystander effect was seen in 27% of the patients and correlated with the response of the injected lesion.
These results were confirmed in a phase 2 study [48] . A multicenter, international trial was conducted in 80 patients with measurable stage III-IV melanoma. PV-10 was administered via intralesional injections in up to ten target and ten non-target cutaneous, subcutaneous, or nodal lesions. Treatment was repeated, when necessary, at weeks 8, 12, or 16. The primary endpoint was ORR for injected lesions at week 52. Response rates were comparable with those seen in the phase 1 study. ORR was achieved in 51% of study patients, including a 26% complete response rate. Among the 38 subjects with bystander lesions, CR of untreated lesions was reported in 24% of patients, and PR in another 13%, with an ORR of 37% and a locoregional control of 55%. Regression of bystander lesions strongly correlated with response in target lesions. However, CR was not seen in any of the study subjects with stage IV disease.
In April 2015, an international multicenter, open-label, randomized controlled phase 3 study was launched to investigate the efficacy of intralesional PV-10 vs systemic chemotherapy or intralesional oncolytic viral therapy, in unresectable patients of stages IIIB, IIIC, and IVM1a without active nodal metastases. Subjects in the comparator arm receive the investigator's choice between dacarbazine, temozolomide or intralesional T-Vec, also depending on availability in the study country or region. Efficacy is being assessed by comparison of PFS between all intention-totreat (ITT) subjects in the two study treatment arms. The estimated patient enrollment is 225 patients (randomized 2:1 to the PV-10 arm) and the final data collection for the primary outcome measure is expected in mid-2018.
Novel agents: neoadjuvant intralesional treatment of fully resectable melanoma patients
Daromun (L19IL2 + L19TNF)
Daromun is the combination of two immunocytokines, L19IL2 and L19TNF. Immunocytokines are biopharmaceuticals that have shown great potential for the therapy of cancer and other serious diseases [49] . These products are recombinant fusion proteins, consisting of a human cytokine linked (at its N-or C-terminus) to a monoclonal antibody or to an antibody fragment, serving as a pharmacodelivery vehicle for the selective localization of the immunostimulatory payload at sites of disease. A schematic representation of the immunocytokine components of Daromun is presented in Fig. 1 .
The individual immunocytokines have been extensively characterized in the systemic delivery setting in a number of studies, both as single agents and in combination with chemotherapeutics or biologicals and are still being explored in several indications in oncology.
L19IL2 has been studied as a monotherapy for patients with renal cell carcinoma in a phase 1/2 dose finding study [50] and in a phase 1/2 study in combination with gemcitabine in pancreas cancer patients.
Furthermore, a phase 2 dose finding and activity evaluation study of L19IL2 in combination with DTIC in melanoma patients was carried out [50, 51] , (manuscript in preparation).
L19TNF has been studied in a phase 1 clinical trial as monotherapy in patients with confirmed progressive solid tumors, followed by a phase 2 part in 12 patients with colorectal cancer [52] , as well as in a phase 1 trial in combination with melphalan using isolated limb perfusion (ILP) for patients presenting with metastatic melanoma in limbs, who were candidates for amputation [53] . Finally, a phase 1b study is ongoing to investigate the combination of L19TNF with doxorubicin in patients with advanced solid tumors, with a particular focus on soft tissue sarcoma.
An international, multicenter phase 2 trial of the intralesional application of L19IL2 as single agent in stage IIIB and IIIC melanoma patients has recently been reported [15] . Twenty-five patients with cutaneous/subcutaneous injectable metastases received weekly intratumoral injections of L19IL2 at a maximum dose of 10 MIU/week for 4 consecutive weeks. Tumor response was evaluated 12 weeks after first treatment. A complete response of all treated metastases was achieved in six patients (25%), and this response was long-lasting in most cases (5 patients ≥ 24 months). Objective responses (OR) were documented in 53.9% of all index lesions. The treatment was very well tolerated, with no grade 4 and only a few grade 3 AEs (injection site reaction, fatigue, pain).
A significant temporary increase of peripheral regulatory T cells and natural killer (NK) cells, a sustained increase of absolute number of CD4+ lymphocytes and a decrease of myeloid-derived suppressor cells were observed upon treatment. Furthermore, encouraging time-to-progression data were recorded in this cohort of patients, suggesting that the locoregional control of in transit/satellite metastases might translate into a slower progression to distant metastases and in an improved overall survival [15] .
Preclinical data collected by our group [54] have shown that a combination of L19IL2 with a version of L19TNF featuring a murine tumor necrosis factor alpha (TNF) component induced complete remissions when administered as a single intratumoral injection in Fig. 1 The human cytokines IL2 and TNF are conjugated through a flexible linker to the C-terminus of the L19 antibody fragment in single-chain variable format (ScFv). L19IL2 in solution forms noncovalent homodimers, while L19TNF in solution exists as a homotrimer via the trimerization motif present in the TNF sequence a syngeneic immunocompetent mouse model of cancer, whereas the two components did not lead to cures when administered separately. These results have been recently confirmed in two additional mouse models of cancer, the K1735M2 melanoma, and Wehi-164 sarcoma. When used alone, immunocytokines did not exhibit complete cures but only tumor growth retardation. However, combination therapies resulted in complete and long-lasting tumor eradication that cannot be achieved by conventional chemotherapy [16] .
These observations provided the rationale for a phase 2 clinical trial based on the intralesional administration of L19IL2 in combination with L19TNF in patients with unresectable stage IIIB/C and IVM1a metastatic melanoma [55] . Treatment was in general well tolerated, with a limited number of drug-related adverse events, mostly of grade ≤2, which were normally rapidly resolved. In terms of efficacy, according to modified RECIST criteria, PR were recorded in 50% of patients at week 12. Importantly, according to these criteria, no patient was considered to be in PD at the time of tumor assessment. However, three patients showed CR at later tumor assessment (week 36), indicating that the intralesional injection of L19IL2/L19TNF continues to exert a beneficial effect for a long time after the end of treatment (Fig. 2) .
According to the protocol, the investigator could decide to surgically remove remaining lesions or residual scabs to render the patient disease-free after the mandatory tumor assessment at week 12. This neoadjuvant use of the combination was adopted for eight out of the 20 patients evaluable for efficacy. Patients, who had not been considered eligible for surgery, became operable after treatment with the immunocytokine product, underwent surgical ablation of remaining lesions and were therefore withdrawn from the study at that time point.
Importantly, the intralesional administration of L19IL2/ L19TNF mediated a systemic anti-tumor effect in 70% of non-injected metastases (bystander effect), including cutaneous/subcutaneous and nodal lesions [55] .
These results have prompted Philogen to launch an international, multicenter, randomized phase 3 trial in 2016 of the neoadjuvant efficacy of the intralesional treatment of fully resectable melanoma patients at stage IIIB and IIIC of the disease with L19IL2 + L19TNF followed by surgery, as compared to surgery alone. A pre-requisite for inclusion in the study is the presence of at least one In most lesions, a vitiligo-like depigmentation develops over time, as a consequence of a strong antimelanoma immunity that also targets healthy melanocytes, because of shared expression of melanocyte differentiation antigens. Data from the literature have shown that development of a vitiligo-like depigmentation in patients with melanoma may be associated with more favorable clinical outcome [61] injectable cutaneous, subcutaneous or nodal lesion and complete resectability of all lesions present at baseline, so as to render the patient free of detectable disease after surgery. The primary endpoint of this open-label, controlled study aims at demonstrating that the immunocytokine combination, intralesionally administered prior to surgery, improves the RFS at 1 year after randomization in treated patients as compared to direct surgical removal of all lesions. A hundred and seven patients will be enrolled in each treatment arm resulting in a total sample size of 214. The trial officially started in July 2016 and is actively recruiting.
Conclusions
Over recent years, there has been a radical change in the management of advanced melanoma patients with the approval of many novel therapeutic agents.
Targeted therapies have become the front-line treatment for patients with point mutations in BRAF and MEK genes. Immunotherapeutic antibodies, which block cytotoxic T lymphocyte antigen-4 (CTLA4) or programmed death-1 receptor/ligand (PD-1/PD-L1), have been shown to boost the immune response against the tumor and improve PFS and OS in patients without mutations [56] .
The first approved agent for intralesional application in advanced melanoma (Imlygic™) now adds to the arsenal of weapons for pharmacological intervention. All these agents, however, have been developed to treat patients who, because of continuous recurrences, heavy tumor burden or presence of distant metastases in various anatomical regions, are not candidates for surgery.
When considering stage III melanoma patients with resectable disease, however, no progress has been recorded in improving the outcome of surgery, which is still the standard of care for these patients. Adjuvant therapy with IFNa is approved and is performed in some centers, but a consensus about its benefit in terms of RFS has not been reached [57] . In this situation, in which patients receive surgery and often are not submitted to a rigorous followup procedure, the use of intralesional immunostimulatory therapies in a neoadjuvant intention may have an important role to play.
Amgen are testing Imlygic™ in a phase 2 trial as neoadjuvant treatment in completely resectable stage IIIB, IIIC, or IVM1a melanoma patients. Philogen have progressed their immunocytokine combination Daromun to phase 3 level in fully resectable stage IIIB/C melanoma ( Table 1) .
The systemic bystander effect, observed during the phase 2 trial with Daromun, provided a rational basis for the phase 3 trial of the immunocytokine combination in a neoadjuvant setting, followed by surgical resection of all lesions present at baseline. It is known that systemic administration of IL2 in vivo augments the activity of cytotoxic T lymphocytes [58] either alone or in combination with other cytokines [59] and also induces specific T helper cells, natural killer, and lymphokine-activated killer (LAK) cells. On the other hand, systemic administration of TNF may lead to extravasation of erythrocytes and lymphocytes, provoking haemorrhagic necrosis of the tumor (reviewed in [60] ). TNF has the ability to kill tumor cells, but may also target the tumor-associated vasculature by inducing hyperpermeability and destruction of the vascular lining. Thanks to the anchoring effect mediated by the antibody moiety, immunocytokines have been shown to exhibit longer residence times in injected lesions with respect to non-targeted cytokines [16] . The results of the phase 2 study indicates that, besides a locoregional control of injected metastases, the combination of L19IL2 and L19TNF is also capable of exerting a beneficial systemic effect on distant, non-injected lesions, an effect which continues even in the absence of additional administrations of the immunocytokines [55] .
If the killing of the tumor can stimulate a tumor-specific immune response that persists after the tumor is removed, a positive impact may be expected on non-injected lesions. As the treatment with Daromun is short (4 weeks), the procedure can be performed without an unreasonable delay of surgical intervention.
Many researchers believe that the future of intralesional therapies is linked to their use in combination with the new systemic therapies, in particular immunotherapies [40, 41] . Results of the ongoing trials will tell if, in addition, the use of intralesional therapies as neoadjuvants can play a role in the therapeutic approach for resectable melanoma patients in the years to come.
